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ABSTRACT
Traditional composite are reinforced with inorganic fibers which is expensive and 
harmful to the environment. In recent years, composites o f  polymer reinforced natural 
fibers have received much attention as they offer advantages as compared with 
inorganic fillers in terms o f cost and biodegradability. Empty Fruit Bunch (EFB) 
fibers were selected as reinforcement for this research due to the renewable, low cost, 
low density and its have a sim ilar structure like natural fiber. To fulfill the 
biodegradable properties of the composites, Polylactic acid (PLA), a type o f 
biopolymer was selected as the m atrix. To enhance compatibility and improve 
interfacial adhesion between the fiber and the matrix, the fiber surface must be 
pretreated with chemicals or coupling agents. Therefore, six different chemical 
treatments were used in this research; NaOH, silane and NaOH/silane, N aO Ch, 
NaOC^/silane and NaOC^/NaOH treatment. Thus, the objective o f  this research is to 
evaluate the effect o f  fiber surface treatments and fiber loading on the mechanical, 
thermal and m orphology of PLA/EFB biocomposites. The best treatment is then 
selected and two types o f additives were added. The first one is diphenylmethane-4, 
4'-diisocyanate (MD1) known as a coupling agent and the other is triallyl isocyanurate 
(TAIC), one crosslinking agent. Both biocomposites samples were irradiated using 
electron beam and the effect of radiation to the properties o f  the biocomposites was 
studied. The testing results revealed that the mechanical, thermal and morphology o f 
the biocomposites using treated fiber were improved compared with untreated fiber. 
The best surface treatment for the EFB fiber is NaOH/silane and the optimum fiber 
loading was achieved at 10 wt%. The addition of MDI and TAIC improved the 
mechanical and therm al properties also the morphology. However after irradiation, 
TAIC shows better results for mechanical and thermal properties as well as 
morphology o f  the biocomposites compared with MDI.
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CHAPTER ONE
INTRODUCTION
1.1 BACKGROUND
The history o f  manmade composite began in 1500 B. C. when the Egyptians 
and Mesopotamians used straw to reinforce their sun-dried m ud brick buildings. In 
1200 A. D., the M ongols invented the first composite bow which was made from 
animal tendons, silk and wood combined w ith an adhesive (Johnson, 2013). M odem  
history o f composites probably began in 1930’s when Russell Games Slayter from 
Owen-Coming Com pany found a new w ay to produce lighter and more refined fiber 
glass (Invent Now, Inc, 2000). He also developed numerous applications for glass 
fiber and method to produce fiber glass in large scale. The advantages of materials 
m ade from composite are the lightweight structures and high stiffness compared with 
polymers, metals and ceramics (Mohanty et al., 2000). Since then, composites 
materials were used in many industries such as construction, transportation, 
automotive and aerospace.
According to Campbell (2010), material made from com posite can be defined 
as a combination between two types or m ore materials with different phase known as 
matrix and reinforcement to achieve better properties than those o f the individual 
components used alone. Composites can be classified into two categories; by matrix 
or reinforcement (Clyne and Hull, 1996). Generally, there are four types o f  
reinforcement in composites; fiber, whiskers, flake and particulate. For matrix 
categories, there are also four types o f  m atrix used in composites; metal, polymer, 
ceramic and carbon (M adhujit, 2004). This research focuses m ore on the composite 
m ade from a polymer matrix with particulate fiber as reinforcement. The advantages 
o f  polymer matrix compared with other type o f matrix are resistance to corrosion, 
light weight, high specific strength and m odulus and the ability to tailor made.
Although the composite have many benefits, the use o f  reinforcement from 
inorganic fibers such as glass fiber, carbon fiber, aramid or boron leaves some 
problems. These inorganic fibers are non-renewable, expensive, health risk when
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